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ABSTRACT

An apparatus, method of propagating a signal and method of
manufacture for an antenna structure comprising a section
which is positioned or formed in relation to a portion of the
antenna structure, such that a portion of the electromagnetic
(EM) field that is emitted from the antenna structure is par-
tially slowed or phase shifted thereby resulting in an improve-
ment of the horizontal gain of the EM field.
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STEP-1
I

Provide dielectric material
and adapt form to refract
an electromagnetic wave
from a discone antenna

STEP;—Z \\ I

Apply adhesive material to
a portion of a disc of a
discone antenna on the
surface oriented towards a
cone portion of the
discone antenna

STEP-3 —\ !

Place dielectric material on a disc surface
where adhesive was applied such that is
co—aligned with an axis of symmentry of the
discone antenna and positioned to
produce a predetermined refraction of an
electromagnetic wave generated from the
discone antenna

FIG—-13
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ANTENNA WITH SHAPED DIELECTRIC
LOADING

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application claims priority to and is a
continuation of U.S. patent application Ser. No. 11/821,475
titled “ANTENNA WITH SHAPED DIELECTRIC LOAD-
ING” filed Jun. 19, 2007, the entire disclosure of which is
expressly incorporated by reference herein.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] The invention described herein was made in the
performance of official duties by employees of the Depart-
ment ofthe Navy and may be manufactured, used, licensed by
or for the United States Government for any governmental
purpose without payment of any royalties thereon.

FIELD OF THE DISCLOSURE

[0003] The invention relates generally to the fabrication
and use of antenna systems used in transmitters and receiver
systems. In particular, the invention concerns structures or
portions of antenna structures used to shape emitted electro-
magnetic (EM) wave patterns as well as methods of manu-
facturing and use of the same.

BACKGROUND

[0004] Increasing use of high frequencies in radio fre-
quency systems has led to a need to modify and adapt existing
antenna structures. Driving antennas at a higher frequency
tends to affect directivity and thus affecting the effective
range of antennas. As discussed in Christopher Coleman’s
Basic Concepts, An Introduction to Radio Frequency Engi-
neering, Cambridge University Press (2004), in EM, direc-
tivity is a property of the radiation pattern produced by an
antenna. Directivity is defined as the ratio of the power radi-
ated in a given direction to the average of the power radiated
in all directions; the gain pattern is the product of the effi-
ciency of the antenna and the directivity.

[0005] For example, FIG. 1 shows an antenna, frequently
called a discone antenna, composed of a disc 1, a frustum
circular conic section structure 3, conductors 7 and a voltage
source 9 with a throat or feed gap 5, typically connected in
such a manner as to have an axis of rotational symmetry 15.
FIG. 2A shows the FIG. 1 antenna with an axis of rotational
symmetry 15 that is perpendicular to the disc 1 and runs
through the center of the cone structure 3. Discone antennas
provide azimuthally (defined as the plane orthogonal to the
axis of symmetry of the antenna and parallel to the disc
component of the antenna) omni-directional field (radiation
intensity) patterns over broad frequency ranges.

[0006] FIG. 2B shows an exemplary omni-directional
radiation pattern. In particular, FIG. 2B shows an antenna
with an elevation pattern 13 A that is substantially directed
perpendicular to the axis of symmetry 15, having a direction
of the peak magnitude 11 of the elevation pattern.

[0007] FIG. 2C shows an exemplary radiation pattern at a
higher frequency where the resulting elevation pattern 13B is
oriented away from the axis perpendicular to the axis of
symmetry by an angle 17 greater than 90 degrees. The FIG.
2C radiation pattern shows a maximum radiation intensity
oriented toward the cone portion of the antenna. The direction
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from the origin of the spherical frame of reference for the
antenna through the peak of the intensity pattern is defined by
a function ( ) here represented by direction of pattern peak
vector 11 when the elevation pattern is not parallel with the
plane of the disc component of the antenna. The included
angle 19 defines the degree of flair for the cone from the lower
portion of the axis of symmetry 15. If a discone antenna with
the radiation pattern as represented in FIG. 2C were mounted
on a vehicle, for example, the direction of pattern peak would
increasingly be below the horizon as frequency was
increased, thus reducing the range and effectiveness of such a
discone antenna. Accordingly, there is a need for an improved
antenna design which provides improved directional gain that
also has a simple and highly durable design.

SUMMARY

[0008] An apparatus and method of manufacture for an
antenna structure comprising a section which is positioned or
formed on a portion of the antenna structure, such that a
portion of the EM field that is emitted from the antenna
structure is partially slowed or phase shifted thereby resulting
in an improvement of the horizontal gain of the EM field.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The above-mentioned and other disclosed features,
and the manner of attaining them, will become more apparent
and will be better understood by reference to the following
description of disclosed embodiments taken in conjunction
with the accompanying drawings, wherein:

[0010] FIG. 1 shows an isometric view of a discone
antenna,
[0011] FIG. 2A shows a cross section of a discone antenna

with a reference axis;

[0012] FIG. 2B shows an EM radiation pattern of the
antenna shown in FIG. 2A at a first frequency;

[0013] FIG. 2C shows an EM radiation pattern of an
antenna shown in FIG. 2A at a second frequency;

[0014] FIG. 3A shows a map of equal phase fronts and the
associated poynting vector for an EM wave propagating
through the structure of a discone antenna with the deflection
associated with operation at higher frequencies;

[0015] FIG. 3B shows a map of equal phase fronts and the
associated poynting vector for an electro-magnetic wave
propagating through the structure of a dielectrically loaded
discone antenna with the attendant reduced deflection of the
poynting vector associated with operation at higher frequen-
cies;

[0016] FIG. 4 shows an antenna with dielectric material for
affecting wave propagation;

[0017] FIG. 5 shows another embodiment of the invention
with a differently formed dielectric material;

[0018] FIG. 6 shows another embodiment of the invention
with another form for a dielectric material formed through the
throat of a discone antenna;

[0019] FIG. 7 shows another embodiment of the invention
with a dielectric formed of a plurality of layers;

[0020] FIG. 8 shows another embodiment of the invention
having a different plurality of layers;

[0021] FIG. 9 shows another embodiment of the invention
having a plurality of layers with different shapes;

[0022] FIG. 10 shows another embodiment of the invention
having at least one dielectric layer formed into a triangular
cross section form with peripheral grooves;
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[0023] FIG. 11 shows another embodiment of the invention
having surface features in a portion of an antenna including
dielectric material formed with holes to further influence
wave propagation through the dielectric material;

[0024] FIG. 12 shows an isometric view of another embodi-
ment of the invention having a dielectric material formed into
a triangular shape on a disc section of a discone antenna that
is generally oriented towards a cone section of the discone
antenna, where axial grooves are formed into two of the faces
of the triangular shape; and

[0025] FIG. 13 shows an exemplary method of manufac-
ture for one embodiment of the invention.

DETAILED DESCRIPTION

[0026] An antenna or aerial is an arrangement of aerial
electrical conductors designed to transmit or receive radio
waves which is a class of EM waves. Physically, an antenna is
an arrangement of conductors that generate a radiating EM
field in response to an applied alternating voltage and the
associated alternating electric current, or can be placed in an
EM field so that the field will induce an alternating current in
the antenna and a voltage between its terminals.

[0027] A radiation pattern is a graphical depiction of the
relative field strength transmitted from or received by the
antenna. Several curves or graphs are necessary to describe
radiation patterns associated with an antenna. If the radiation
of the antenna is symmetrical about an axis (as is the case in
dipole, helical and some parabolic antennas) aunique graph is
sufficient.

[0028] One definition of the term radiation pattern of an
antenna is the locus of all points where the emitted power per
unit surface is the same. As the radiated power per unit surface
is proportional to the squared electrical field of the EM wave.
The radiation pattern is the locus of points with the same
electrical field. In this representation, the reference is the best
angle of emission. Itis also possible to depict the directivity of
the antenna as a function of direction.

[0029] The “polarization” of an antenna can be defined as
the orientation of the electric field (E-plane) of the radio wave
with respect to the Earth’s surface and can be determined by
the physical structure of the antenna and by its orientation.
EM waves traveling in free space have an electric field com-
ponent, E, and a magnetic field component, H, which are
usually perpendicular to each other and both components are
perpendicular to the direction of propagation. The orientation
of'the E vector is used to define the polarization of the wave;
if the E field is orientated vertically the wave is said to be
vertically polarized. Sometimes the E field rotates with time
and it is said to be circularly polarized. Thus, a simple straight
wire antenna will have one polarization when mounted ver-
tically, and a different polarization when mounted horizon-
tally. EM wave polarization filters are structures which can be
employed to act directly on the EM wave to filter out wave
energy of an undesired polarization and to pass wave energy
of a desired polarization. Polarization is the sum of the
E-plane orientations over time projected onto an imaginary
plane perpendicular to the direction of motion of the radio
wave. In the most general case, polarization is elliptical (the
projection is oblong), meaning that the antenna varies over
time in the polarization of the radio waves it is emitting.
[0030] There are two fundamental types of antennas which,
with reference to a specific three dimensional (usually hori-
zontal or vertical) plane, are either omni-directional (radiates
equally in all directions) or directional (radiates more in one
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direction than in the other). All antennas radiate some energy
in all directions in free space but careful construction results
in substantial transmission of energy in certain directions and
negligible energy radiated in other directions. By adding
additional conducting rods or coils (called elements) and
varying their length, spacing, and orientation (or changing the
direction of the antenna beam), an antenna with specific
desired properties can be created.

[0031] Two or more antenna elements coupled to a com-
mon source or load produces a directional radiation pattern.
The spatial relationship between individual antenna elements
contributes to the directivity of the antenna as shown in FIG.
3 A where the relationship of a disc 22 and a cone 21 influence
the EM wave 23 propagation direction (poynting vector) 24.
The term active element is intended to describe an element
whose energy output is modified due to the presence of a
source of energy in the element (other than the mere signal
energy which passes through the circuit) or an element in
which the energy output from a source of energy is controlled
by the signal input.

[0032] EM waves can be shaped by causing them to
undergo propagation delays relative to free space propaga-
tion. EM waves are slowed relative to waves traveling through
media or regions with relatively lower dielectric constants
when passing through media or regions of space with high
dielectric constants.

[0033] Anisotropic antenna is an ideal antenna that radiates
power with unit gain uniformly in all directions and is often
used as a reference for antenna gains in wireless systems.
There is no actual physical isotropic antenna; a close approxi-
mation is a stack of two pairs of crossed dipole antennas
driven in quadrature. The radiation pattern for the isotropic
antenna is a sphere with the antenna at its center. Peak antenna
gains are often specified in dBi, or decibels over isotropic.
This is the power in the strongest direction relative to the
power that would be transmitted by an isotropic antenna
emitting the same total power.

[0034] From IEEE Standard 145-1993 (2004), “Directivity
(of an antenna)(in a given direction) is the ratio of the radia-
tion intensity in a given direction from the antenna to the
radiation intensity averaged over all directions.” Equation 1
below provides the equation for directivity is as follows

4nd(¢, 6)

Dig. 0 = dave

[0035] where D(¢, 0) is the three space directivity magni-
tude function of the antenna defined over the radial coordinate
system where the angle 6 is measured down from the axis of
symmetry and the angle ¢ is measured from an arbitrary plane
including the antenna axis of symmetry; ®(¢, 6) the radiation
intensity (power radiated per unit solid angle) of the antenna
defined over the same coordinate system as D(¢, 0) and ® ave
is the global average of (¢, 0) over all ¢ and 6.

[0036] For passive antennas (those not including power
amplifying components in their structure) directivity is a
passive phenomenon—power is not added by the antenna, but
simply redistributed to provide more radiated power in a
certain direction than would be transmitted by an isotropic
antenna. If an antenna has directivity greater than one in some
directions, it must have less than one directivity in other
directions since energy is conserved by the antenna. An
antenna designer must take into account the application for
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the antenna when determining the directivity. High-directiv-
ity antennas have the advantage of longer effective range but
must be aimed in a particular direction. Low-directivity
antennas have shorter range but the orientation of the antenna
is inconsequential.

[0037] A dielectric, or electrical insulator, is a substance
that is highly resistant to electric current. When a dielectric
medium interacts with an applied electric field, charges are
redistributed within its atoms or molecules. This redistribu-
tion can alter the shape of an applied electrical field both
inside the dielectric medium and in the region nearby. When
two electric charges move through a dielectric medium, the
interaction energies and forces between them are reduced.
When an EM wave travels through a dielectric, its speed
slows and its wavelength shortens.

[0038] Referring to FIG. 3B, the conjunction of regions,
one with a relatively high dielectric constant, e.g., dielectric
25, and the other with a relatively lower dielectric constant,
e.g., free space 26, can act as a refractor for an EM wave 27.
The refractor, e.g., dielectric 25 and free space 26, alters(the
direction of propagation of the waves (poynting vector 28)
emitted from the structure with respect to the waves imping-
ing on the structure. It can alternatively bring the wave to a
focus or alter the wave front in other ways, such as to convert
a spherical wave front to a planar wave front. Thus a wave
propagating mostly through a region with a high dielectric
constant could travel slower than the lesser portion traveling
through a region with a lower dielectric constant.

[0039] FIG. 4 shows one embodiment of the invention with
adiscone antenna comprising a disc 29 and a frustum circular
conic structure 31 that are formed relative to an axis of sym-
metry 28 which is perpendicular to the planar surface of the
disc 29. An annular structure of dielectric material 30 with a
triangular cross section is formed onto the lower peripheral
surface of the disc 29. The dielectric portion 30 design in this
embodiment can be determined by varying its shape and
dielectric composition so that, based on the desired frequency
range, the overall EM field or radio frequency wave that is
generated by the antenna in question is shifted towards the
horizon. Effectiveness of the various shapes and composi-
tions can be determined through modeling methods using
modeling software that is commercially available or through
empirical testing of the antenna designs using probe and test
equipment. Having more dielectric material in the area of the
disc 29 causes the EM wave to travel slower along the direct
surface path along the disc 29 due to the relatively higher
dielectric property of the dielectric (as compared to another
medium, in this case free space) causing a phase delay that
pulls the EM wave (and therefore the field pattern peak)
towards the plane of the disc 29. This effect is more pro-
nounced as frequency is increased. The advantage of this
design is that the direction of the peak directivity of the
antenna is closer to or on the horizon for all or most of its
frequency band. Moreover, the dielectric material may be
changed to modify the pattern of an existing antenna.

[0040] Various solid shapes of dielectric can be utilized
with a discone antenna design, either in contact or not in
contact with the disc. Use of multiple layers or regions of
dielectric material with differing dielectric constants can be
used to reduce reflections at each dielectric interface and
improve shaping of the elevation pattern. For example, FIG. 5
shows another embodiment of the invention where the dielec-
tric material 35 has a smooth shaped surface with cross sec-
tion in either the form of a circular segment or an elliptical
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segment formed on the periphery of the disc 33 but has a gap
between the disc 33 and the frustum circular cone 37.
[0041] FIG. 6 shows another embodiment where a dielec-
tric 43 is formed in contact with disc 41 and a portion of the
frustum circular cone 45.

[0042] FIG. 7 shows another embodiment of the invention
using a discone antenna structure comprising a disc 47 with
layered dielectric materials 49, 50 formed on an annular
structure with a triangular radial cross section onto an outer
periphery of disc 47 but not in contact with the circular cone
section 51. Dielectric material 50 is first formed on the lower
portion of the planar surface of disc 47 in a triangular cross
sectional form. Dielectric material 49 is formed into a trian-
gular form on the lower portion of the planar surface of the
disc 47 so as to encapsulate dielectric material 50 forming a
combined structure composed of two different dielectric
materials 49, 50. The dimensions of the two layers 49, 50 are
determined based on the effect that refractive properties of the
two layers have on a portion of the EM field generated from
the disc 47 and circular cone 51 antenna combination.
[0043] FIG. 8 shows another embodiment of the invention
where three dielectric layers 55, 57, 59 are formed as an
annular structure with a triangular cross section onto the
surface of the disc 53 facing the cone structure 61 of the
discone antenna.

[0044] While a triangular shape is again used for the shape
of the three dielectrics, one on top of the other, it should be
noted that the invention in this case is not limited to this
particular shape or placement on a disc of a discone antenna.
Dielectric material can be placed in various portions of an
antenna, such as a discone antenna. It is also possible to
design an antenna using various shapes and dielectric mate-
rials as to achieve the desired effect on directional gain by
placement of the phase shifting material on a portion of the
antenna structure.

[0045] FIG. 9 shows another embodiment of the invention
where dissimilarly shaped dielectric layers 65, 67, 69, 71 and
73 form a composite structure having an outer shape of a
triangular cross section which are used to adjust the refractive
properties associated with phase shifting a portion of an EM
wave to refract the EM wave in a predetermined direction. In
this example, there is a gap 62 between the dielectric com-
posite structure of dielectrics and the discone cone section 75.
The composite structure of dielectrics can be formed in con-
tact with a portion of the cone section 75. Multiple layers and
irregularly shaped dielectrics permits reduction of reflections
of the EM wave over an EM refractive boundary formed by
two areas having a different dielectric constant. Accordingly,
more than one layer is preferred if there is a need to increase
EM energy in a preferred direction. Irregularly shaped layers
are useful to further tune or mitigate reflections in a particular
portion of the wave front.

[0046] FIG. 10 shows an embodiment where a dielectric
material 93 is formed onto the disc 91 of the discone antenna
structure with peripherally oriented grooves 95 cut into the
outer surfaces of a dielectric material 93. The grooves and
dielectric material is formed to affect the radiation pattern and
propagation of the EM waves passing through the structure.
Other variants of surface shaping can be used to alter wave
forms and reduce reflections.

[0047] FIG. 11 shows another embodiment of the invention
having dielectric material 103 formed on a surface of a disc
101 which is oriented towards a circular cone 102 of a discone
antenna. In particular, the dielectric material 103 is formed
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with holes 105 which further influence wave propagation
through the dielectric material 103. The holes 105 may be
formed to varying depths and/or diameters in order to further
tune wave propagation through the dielectric material 103. In
this embodiment, the holes 105 are shown as being radially
aligned, but need not be so aligned depending on the require-
ments of the implementation.

[0048] FIG.12 shows another embodiment of the invention
where a dielectric material 113 is formed onto an outer disc
portion 115 of a discone antenna on the side oriented towards
a frustum circular cone 117. The dielectric material 113 is
formed into a triangular annular form with radial/axial
grooves 111 formed onto two outer surfaces of the dielectric
material 113 not in contact with the disc 115 forming “teeth
like” protrusions. Other variants of surface shaping can be
used to alter wave forms in a preferential direction and reduce
reflections.

[0049] FIG. 13 shows one method of manufacture of an
exemplary embodiment of the dielectric loaded discone
antenna. At step 1, a dielectric material is provided and
adapted to refract a portion of an EM wave generated from a
discone antenna such that the wave front of the EM wave
propagates in a predetermined direction upwards towards a
plane that contains a disc portion of a discone antenna to
produce an annular dielectric component. It should be noted
that the dielectric material formed in this case will always
refract an EM wave but more refraction will occur at higher
frequencies. At step 2, an adhesive material is applied to a
portion of the disc of the discone antenna oriented towards the
frustum circular cone of the discone antenna. At step 3, the
annular dielectric component is placed on the surface of the
disc of the discone antenna oriented towards the frustum
circular cone portion of the discone antenna and co-aligned
along the axis of symmetry of the discone antenna and
attached with the adhesive previously applied to the disc.
Placement in this embodiment is accomplished to position the
dielectric material to refract EM waves in a predetermined
direction. It should be noted that any means can be used to
couple the dielectric component to the discone antenna which
will allow joining of the two components. Alternatively the
dielectric material could be deposited upon the disc by a
variety of deposition methods to achieve rough form and
subsequently machined to its final shape. Added layers could
subsequently be deposited upon or attached to disc and
dielectric as required. The figure shows a triangular shape of
the dielectric material however the actual surface shape of the
dielectric material can be added to produce a desired change
in directivity of an EM wave produced by passing an EM
wave through a dielectric.

[0050] It should be noted that, while exemplary embodi-
ments of the invention have been described and illustrated, the
present invention is not to be considered as limited by such
descriptions and illustrations but is only limited by the scope
of the appended claims.

What is claimed is:

1. An antenna structure comprising:

a first antenna element, said first antenna element being
adapted to produce a first electromagnetic radiation pat-
tern comprising a first and second reference axis;

a second antenna element, said second antenna element
comprising a material adapted to refract a portion of said
first electromagnetic radiation pattern to produce a sec-
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ond electromagnetic radiation pattern which has a third
reference axis being substantially orthogonal to said first
reference axis.

2. An antenna structure of claim 1, wherein said second
antenna element is adapted to modify said first electromag-
netic radiation pattern by delaying a portion of said first
electromagnetic radiation pattern to cause a phase shift that
results in said second electromagnetic radiation pattern.

3. An antenna structure of claim 1, wherein said second
antenna element comprises a plurality of dielectric material
layers.

4. An antenna structure of claim 1, wherein said first
antenna element comprises a disc and cone, said disc having
a first and second surface, said second surface facing towards
said cone, said second antenna element being formed in prox-
imity to said second surface.

5. An antenna structure of claim 1, wherein said second
antenna element has a substantially triangular cross section.

6. An antenna structure of claim 1, wherein said second
antenna element has a plurality of layers, each layer having a
different refractive electrical property.

7. An antenna structure of claim 1 wherein said second
element comprises a plurality of diftferent dielectric layers, at
least one of said layers having a first shape and another having
a second shape.

8. An antenna structure of claim 7, wherein said first and
second shapes have a first and second propagation delay on
said first electromagnetic radiation pattern.

9. An antenna structure of claim 1, wherein said first ref-
erence axis is a vertical axis and said third reference axis is in
the direction where directive gain is maximized after refrac-
tion by said second antenna element.

10. An antenna structure of claim 1, wherein said first
antenna element is a discone antenna.

11. An antenna structure of claim 1, wherein said first axis
is an axis of rotation of said first antenna element, said second
axis is an axis describing a propagation direction of said first
electromagnetic radiation pattern, said third axis is a propa-
gation direction of said second electromagnetic propagation
pattern.

12. An antenna structure comprising:

a first antenna element adapted to produce a first electro-
magnetic radiation pattern comprising a first reference
axis and a first plane being substantially orthogonal to
said first reference axis;

a second antenna element adapted in spatial relation to a
portion of said first antenna element such that a portion
of said first electromagnetic radiation pattern is modified
thereby creating a second electromagnetic radiation pat-
tern which has a directivity substantially strengthened in
the direction of said first reference plane.

13. An antenna structure of claim 12, wherein said first
electromagnetic radiation pattern is modified by delaying a
portion of said first electromagnetic radiation pattern to cause
aphase shift that results in said second electromagnetic radia-
tion pattern.

14. An antenna structure of claim 12, wherein said second
antenna element comprises a dielectric material.

15. An antenna structure of claim 12, wherein said first
antenna element comprises a disc and cone, said disc having
a first and second surface, said second surface facing towards
said cone, said second antenna element being formed in prox-
imity to said second surface.
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16. An antenna structure of claim 12, wherein said second
antenna element has a plurality of dielectric layers.

17. An antenna structure of claim 12, wherein said second
antenna element has a plurality of layers, each layer having a
different refractive electrical property.

18. An antenna structure of claim 12, wherein said second
antenna element has a plurality of layers, at least one layer
having a form that is different than a form of another layer.

19. An antenna structure of claim 12, wherein said second
element comprises a plurality of different dielectric layers, at
least one of said layers having a first shape and another having
a second shape.

20. An antenna structure of claim 19, wherein said first and
second shapes have a first and second propagation delay on
said first electromagnetic radiation pattern.

21. An antenna structure of claim 12, wherein said second
antenna element comprises a plurality of layers, an outer layer
being formed with a plurality of surfaces formed within face
of the outer layer.

22. An antenna comprising:

a first antenna element, said first antenna element being
adapted to produce a first electromagnetic radiation pat-
tern at a first frequency range comprising a first and
second reference axis, wherein said first reference axis
defines an axis of rotation for said first electromagnetic
radiation pattern produced by said first antenna element,
said second reference axis is a directional wave propa-
gation vector for said first electromagnetic radiation pat-
tern; and

a second antenna element, said second antenna element
comprising a material adapted to refract a portion of said
first electromagnetic radiation pattern at a second fre-
quency range to produce a second electromagnetic
radiation pattern which has a third reference axis
wherein said third reference axis defines a directional
wave propagation vector for said second electromag-
netic radiation pattern,

wherein said second antenna element shape and materials
are determined based on a desired form or shape of a first
plane that said second electromagnetic radiation pattern
forms when said second electromagnetic pattern forms
when it intersects said first plane.

23. A method producing a radio wave comprising:

producing a first radio wave using a first antenna element
adapted to produce a first electromagnetic radiation pat-
tern comprising a first and second reference axis; and

refracting said first radio wave through a second antenna
element, said second antenna element being adapted to
modify a portion of said first electromagnetic radiation
pattern to produce a second electromagnetic radiation
pattern which is has a third reference axis being substan-
tially orthogonal to said first reference axis.

24. A method as is in claim 23, wherein said first electro-

magnetic radiation pattern is modified by delaying a portion
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of'said first electromagnetic radiation pattern so as to cause a
phase shift that results in said second electromagnetic radia-
tion pattern.

25. A method as in claim 23, wherein said second antenna
element comprises a dielectric material.

26. A method as in claim 23, wherein said second antenna
element comprises a plurality of layers, at least one layer
having a different electric property that another layer.

27. A method of manufacturing an antenna comprising:

providing a first antenna element, said first antenna ele-

ment being adapted to produce a first electromagnetic
radiation pattern comprising a first and second reference
axis; and
providing a second antenna element adapted to refract a
portion of an electromagnetic wave having said first
electromagnetic radiation pattern thereby creating a sec-
ond electromagnetic radiation pattern which is has a
third reference axis being substantially orthogonal to
said first reference axis.
28. A method as in claim 27, wherein said second antenna
element comprises a dielectric material.
29. A method as in claim 27, wherein said second antenna
element comprises a plurality of layers, at least one of said
plurality of layers comprising a different dielectric material
than another of said plurality layers.
30. A method as in claim 27, further comprising a forming
a first portion of an outer surface of said second antenna
element to have a different electromagnetic refractive prop-
erty than a second portion of said second antenna element.
31. Amethod as in claim 27, wherein said first portion of an
outer surface of said second antenna element comprises a
groove adapted to refract said first electromagnetic radiation
pattern in a predetermined direction.
32. A method as in claim 27, wherein said second antenna
element is adapted with a first refractive surface and a second
refractive surface on the first refractive surface.
33. A method of manufacturing a dielectrically loaded
discone antenna comprising:
providing a dielectric material and a discone antenna com-
prising a disc portion with a first and second surfaces and
a frustum annular cone portion, where the first surface is
oriented away from said cone portion and said second
surf is oriented towards said cone portion;
adapting said dielectric material to refract a portion of an
electromagnetic wave generated from said discone
antenna such that the wave front of the electromagnetic
wave propagates in a predetermined direction upwards
towards a plane that contains said disc; and

positioning said dielectric material on said second surface
and co-aligned along the axis of symmetry of the dis-
cone antenna.

34. A method as in claim 33, wherein said dielectric mate-
rial comprises a plurality of layers.
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